The use of commercial sources of invertase for the production of High fructose syrup and other pharmaceutical formulations has been a problem due to its high ash content and cost implication, therefore there is a need to explore bacterial species that can produce invertase. In this study, actinomycetes strains were isolated from soils from a botanical garden, sugar cane sites and garden egg at Elogbolo and Oyigbo respectively. Yeast extract agar; Czapeks Dox agar and Arginine glycerol agar were used for the isolation of actinomycetes. The study showed that Czapeks Dox agar gave the highest population count followed by Yeast extract and Arginine glycerol agar. The dominated genus of actinomycetes observed were species of Streptomyces designated as OZMU 1; Ozoude et al.; MRJI, 29(4): 1-8, 2019; Article no.MRJI.50165 2 OZMU 2; OZMU 3 and OZMU 4. The results showed that the reducing sugar content of the Streptomyces sp. had similar reducing sugar liberation and consumption behavior without any lag phase, with OZMU 1 concentration peak at 12 h (0.12 g/l), and OZMU 3 (0.15 g/l). But OZMU 2 indicated a lag phase from 6-12h, increased from 12-24 h (0.18 g/l), but activity declined dramatically at 36 h and 48 h. The reducing sugar content for Streptomyces sp. OZMU 4 revealed longer lag phase, which was almost constant throughout the investigation period from 6-36 h. But at 48 h (0.06 g/l) a decline in the reducing sugar content was noticed compared to the other isolates, indicating that all the available reducing sugar were completely consumed by the other strains. The research work revealed the ability of indigenous actinomycetes strains to produce invertase enzyme which has high conversion efficiency and can be used in various pharmaceutical and nutraceutical industries.
INTRODUCTION
Invertase is an enzyme of importance in confectionery, beverage, bakery and other pharmaceutical formulations for the preparation of invert sugar and high fructose syrup (HFS) from sucrose [1] . Invertase from microbial sources are less expensive to produce and do not have high ash content. Microbial invertase can be used for the manufacture of calf feed and food for honeybees [2] .
Submerged
Fermentation (SmF)/Liquid Fermentation (LF) utilizes free flowing liquid substrates, such as molasses and broths. The bioactive compounds are secreted into the fermentation broth. It is best suited for microorganisms such as bacteria that require high moisture content and substrates are constantly replaced or supplemented with nutrients since they are rapidly used up. Another advantage of this technique is that purification of products is easier. SmF is primarily used in the extraction of secondary metabolites that need to be used in liquid form especially in case of bacterial enzyme production, due to the requirement of higher water potential [3] . Secondary metabolites range from several antibiotics to peptides, enzymes, and growth factors [4, 5, 6] herbicides, pesticides and antiparasitic agent [7] . More than 75% of the Industrial enzymes are produced using SmF, one of the major reasons being that SmF supports the utilization of genetically modified organisms to a greater extent than Solid State Fermentation (SSF). Another reason why SmF is widely used is the lack of paraphernalia regarding the production of various enzymes using SSF. The production of invertase has also been reported for Aspergillus sp. (Claudia, et al. 2009 ) Aureobasidium pullulans [8] , Fusarium solani (Bhatti, et al. 2006 ), Bifidobacterium infantis [9] , Azotobacter chroococcum [10] , Saccharomyces cerevisiae GCB-K5 (Shagiq and ul-Haq, 2002),Thermomyces laniginosis (Uma, et al. 2010 ).The present study screened the ability of actinomycetes genera isolated from soils in Eliogbolo and Oyigbo, Rivers State to produce invertase enzyme using submerged fermentation technique
MATERIALS AND METHODS

Isolation of Actinomycetes
Three different media were used for isolation. The media included; Yeast extract agar (YEA), Czapek's Dox agar (CDA) [11] , and Arginine glycerol agar (AGA) (Arnold and Nadine, 1986).
Using YEA and CDA, one gram of each soil sample was weighed and dispensed into 9 ml of physiological saline in sterile test tubes. The soil sample was shaken vigorously to obtain a suspension then serially diluted tenfold to 10 -7. Then, 1 ml aliquot of 10 -3 , 10 -5 , and 10 -7 dilutions was dispensed into Petri plates after which, cooled (50ºC) but molten YEA or CDA containing nystatin (50 µg/ml) was poured into the plates. After swirling the plates to mix the inoculum with the media, the plates were incubated at 28ºC in an incubator (Memmert 854, Schwabach, England) for 5-7 days.
For AGA, 1 gram of soil sample was initially treated with calcium carbonate (CaCO 3 ) to reduce the number of vegetative cells and promote the growth of Actinomycetes. The pretreated soil sample was incubated for 10 days at 28ºC in an inverted Petri dish containing filter paper saturated with water on the inside of lid. After incubation, the pre-treated soil sample was dispensed into sterile test tubes containing 9 ml of diluent and shaken vigorously to obtain a suspension. The suspension was diluted tenfold up to 10 -7 . Then, 1ml aliquot of 10 -3 , 10 -5 , and10 -7 dilutions were dispensed into Petri plates then, cooled (50ºC) but molten AGA without nystatin was poured into the plates. After swirling the plates to mix the inoculum with the media, the plates were incubated at 28ºC in an incubator (Memmert 854, Schwabach, England) for 10 days. Distinct colonies were selected by cultural morphology and purified by subculturing onto sterile CDA plates and incubated at 28ºC in an incubator (Memmert 854, Schwabach, England) for 5-7 days. Pure cultures were maintained on CDA slants at 28ºC.
Identification of Isolates
Identification of the isolates was based on cultural morphology, microscopic examination, and biochemical tests according to Bergey's Manual of Systemic Bacteriology [12] .
Screening for Invertase Producing Actinomycetes
Actinomyctes, were isolated from soil sample and were identified based on their ability to use sucrose as sole carbon source (Nakamura, et al. 1997 ). Purified culture of each isolate was transferred to agar slants for growth at 37ºC for 24 hours, subcultured fortnightly and stored at 4ºC for routine use. The medium used for isolation, maintenance and enzyme production was Czapeks Dox medium (NaNO 3 3.0 g, K 2 HPO 4 1.0 g, MgSO 4 .7H 2 O 0.5 g, KCl 0.5 g, FeSO 4 .7H 2 O 0.01 g, Sucrose 30 g, Agar 15 g per litre ( for solid medium), pH 5.0).
Invertase Assay
Hundred mililitre (100 ml) of Czapek's Dox broth (CDB) in a 500 ml Erlenmeyer flask, was inoculated with the test organisms and incubated in a rotary shaker 1 (Stuart S150, B and T, Scarle company, England) set at 37ºC and speed of 150 rpm for 48 hrs. At 6 hours interval, about 5 ml samples were withdrawn, centrifuged at speed of 10,000 rpm for 20 mins at 4ºC, the supernatant was then stored at -20ºC for further analysis [13] . Invertase activity was assayed by measuring the amount of reducing sugar released from sucrose. The assay mixture contained 0.1 ml enzyme extract (the invertase produced by each strain, contained in the liquid medium), 0.9 ml (1.1% w/v) sucrose in 0.1 M sodium acetate buffer (pH 5.5). The mixture was incubated at 60ºC for 1 hour and reaction stopped by adding 1 ml of Nelson's reagent.
Determination of Reducing Sugar Content
After each incubation period (6, 12, 24 , 36 and 48 h) in the shaker, 1 ml of the sample was transferred into sterilized test tubes using a sterile pipette then reducing sugar was determined spectrophotometerically (Spectronic Unicam, England) at 540 nm by Nelson's method [14, 11] . One unit of invertase was defined as the amount of enzyme, which liberated 1µmol of product per min per ml under the assay condition. A calibration curve was drawn with fructose (10 -100 mg/ml) [11] .
RESULTS
Morphological and biochemical characterization showed that the isolates were actinomycetes strains of the genus Streptomyces and were coded as Streptomyces sp. OZMU 1, OZMU 2, OZMU 3 and OZMU4 ( Figs.1 and 2) .The population of the Streptomyces from different collection sites showed that the botanical garden had the highest population of OZMU 1, OZMU 3, and OZMU 4 while OZMU 2 was not isolated from that site. High population of species OZMU 1 and OZMU 2, were obtained from Eliogbolo sugarcane dumpsite, OZMU 3 and OZMU 4 species, were not isolated from Eliogbolo while OZMU 2 specie was not isolated from Oyigbo sugarcane dumpsite. The lowest population was obtained from garden egg and maize farmlands. Furthermore, OZMU 3 and OZMU4 species were not isolated from the garden egg farmland while OZMU 1 was not isolated from the maize farmland.
Isolation on CDA, YEA, and AGA showed the highest population count was obtained from CDA plates for all the isolates followed by YEA, though Streptomyces sp. OZMU 4 did not grow on it and Streptomyces sp. OZMU 3 did not grow on AGA which had the lowest population count (Fig. 2) .
The table shows grams reaction and biochemical characterization for the identification of the isolates.
The investigation on invertase activity of the Streptomyces sp. OZMU 1 to OZMU 4 at different time interval showed the ability of the strains to produce invertase with varied activity profile. Streptomyces sp. OZMU 2 had its maximum activity within 6h of cultivation (88 IU -1 ) after which it declined at 12 h then a rise in activity again at 24 h and fall at 36 and 48 h. Streptomyces sp. OZMU 3, had its highest activity at 24 h of cultivation (86 IU -1 ) followed by a decline at 36 and 48 h. respectively within 24 h of cultivation. This was followed with subsequent decrease at 36 and 48 h (Fig. 3) .
The result of reducing sugar (fructose) content indicated that Streptomyces strains OZMU 1 and OZMU 3 had high sugar peaks after 12 h of cultivation, while Streptomyces sp. OZMU 2 was at 24 h of cultivation. Streptomyces sp. OZMU4 had reducing sugar content which remained relatively constant. However, all the species exhausted all the available reducing sugar by 48 h (Fig. 4) . 
DISCUSSION
The present study investigated the ability of local strains of actinomycetes to produce invertase enzyme. This was simultaneously compared using three different media for the isolation. Morphological and biochemical characterization of the isolates showed that all the four isolates that produced invertase belonged to the genus Streptomyces. A total of eight actinomycetes isolates were recovered. Preliminary screening for invertase production showed that four of the isolates produced invertase and the other four did not. [15] , reported that actinomycetes population was more in areas with high decomposing organic matter rich in carbonaceous and humus material. Gurmares, et al. [16] , reported the production of invertase from agro industrial residues by Aspergillus ochraceus with higher production in sugar cane baggasse.
Isolation of actinomycetes on three different media showed that the preferred media for the isolation is Czapek's Dox agar because it supported the highest population of actinomycetes followed by Yeast extract agar and lastly Arginine glycerol agar which supported the lowest population. The additional observation was that Streptomyces sp. OZMU 4 did not grow on Yeast extract agar while Streptomyces sp. OZMU 3 did not grow on Arginine glycerol agar.
Assaying for the production of invertase by the four species isolated showed that, all produced invertase with different activity profile. Streptomyces strain OZMU 2 had the highest activity which occurred within 6 h of cultivation (88 IU -1 ). This short incubation period could be advantageous for batch production of invertase in industries. The level of invertase production is higher than the reported quantity of invertase produced by A. niger (20 IU -1 ) after 60 h of incubation [17] respectively). Therefore, the production of invertase varies depending on the physiological characteristics of the strains of actinomycetes. Investigating the reducing sugar content of the media at different time intervals revealed that Streptomyces sp. OZMU 1 and OZMU 3 had similar reducing sugar liberation and consumption behavior. Their reducing sugar concentration peak was at 12 h (0.12 g/l) and (0.15 g/l), respectively while Streptomyces sp. OZMU 2 was at 24 h. Activity declined dramatically at 24 h and 36 h. The decline showed carbon source consumption by all the species. The reducing sugar content for Streptomyces sp. OZMU 4 was almost constant throughout the investigation period, though by 48 h all the available reducing sugar was completely consumed by all the species. This finding agrees with the report of (1).
CONCLUSION
The study showed that Streptomyces species were capable of producing invertase within a short period of time, a trait suitable for industrial processes. Thus purification and further studies on these organisms should be carried out to ascertain their commercial potentials.
